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Abstract
Bowhead whales (Balaena mysticetus) in the Bering-Chukchi-Beaufort (BCB) population
are defined by their residence in and migrations between wintering grounds in the Bering Sea
and summering grounds in the Beaufort Sea. The regular passage of the majority of the
population along the coastline of northern Alaska invites the possibility of answering several
questions regarding bowhead song. Marine autonomous recording units were deployed in the
Chukchi Sea near Point Barrow, Alaska and recorded approximately 1200 hours of continuous
audio from 12 April to 27 May 2011. We identified 12 unique song types from approximately 95
hours of singing and characterized them quantitatively based on unit order, frequency and
duration. This represents the greatest number of songs ever documented during the spring for this
population. General song structure was consistent with earlier descriptions, but none of our song
types were previously reported. The repetition of 5 song types over the course of the season
composed 86% of the total duration of recorded song. This suggests a shared song repertoire
between individuals. Singing behavior was highly organized as we documented only two
instances of overlapping songs despite the passage of hundreds of whales. Total song duration
was not influenced by whale abundance or by time of day, although several songs were
exclusively recorded during the day (0600-1800) or at night (1800-0600). Singing during earlymid spring, when breeding occurs, supports the common mysticete theory that song plays a role
in reproduction, but further study is necessary to draw conclusions regarding the function of song.
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Introduction
All cetaceans (whales and dolphins) rely on sound to interact with their environment
because sound transmits much further and more efficiently underwater than do light or chemical
cues (Tyack and Clark, 2000). Cetaceans are a diverse group of animals that use sound in a
variety of ways. Toothed whales (Odontocetes), such as sperm whales (Physeter macrocephalus)
and common bottlenose dolphins (Tursiops truncatus), use sounds both for intraspecific
communication and for echolocation to visualize their environment (Au 1993). All eleven
species of baleen whales (Mysticetes), such as blue whales (Balaenoptera musculus) and
humpback whales (Megaptera novaeangliae), are known to produce sounds as well, but
presumably use vocalizations socially, and not for echolocation, in a manner similar to birds and
other mammals (Clark 1990; Edds 1997).
Mysticetes use sound to navigate in their environment, to communicate among
conspecifics, and as a reproductive display. While it is unlikely that they echolocate, mysticetes
actively listen and react to their acoustic environment in a variety of ways (Nowacek et al. 2007).
In a landmark study in mysticete communication, Clark and Clark (1980) conducted playback
experiments to show that southern right whales (Eubalaena australis) readily recognized and
responded to simple conspecific vocalizations called contact calls. Individuals, particularly
calves, will produce contact calls until they are re-united with their mother or larger group (Edds
1997). These calls, which vary by species but generally consist of simple frequency-modulated
sweeps, have also been documented in bowhead whales (Balaena mysticetus; Würsig and Clark
1993), Bryde’s whales (Balaenoptera edeni; Edds et al. 1993), and finback whales
(Balaenoptera physalus; Edds 1987). Contact calls are simple by definition, but mysticetes are
also capable of producing very complex vocalizations designated as songs.
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Studies of blue, fin, and humpback whale song have revealed that singers are almost
exclusively male (e.g. Macdonald et al. 2001 for blue whales; Croll et al. 2002 for fin whales;
Tyack 1981 for humpback whales) and that song primarily plays a role in mating behavior (e.g.
Darling et al. 2006; Darling and Berube 2006), even though it has been observed in non-breeding
times and locations (Cato et al. 2001; Clark and Clapham 2004; Stafford et al. 2007). In addition,
all humpback and blue whales in a population sing the same song. In humpback whales, the
structure of that song varies throughout the year and completely changes year to year (Payne and
Payne 1985) while blue whales use the same song every year. Blue whale songs are consistent
enough among regions to be used to classify them into “acoustic” populations (Stafford et al.
2001; MacDonald et al. 2006).
The acoustic characteristics of the bowhead whale share some broad similarities with
those of other baleen whales, but closer inspection reveals a host of unique differences. Bowhead
whales are extremely long-lived (>100 yrs; George et al. 1999) mysticetes that typically spend
their entire lives in the Arctic Ocean. The Bering-Chukchi-Beaufort (BCB) population of
bowhead whales is defined by their residence in and migrations between wintering grounds in
the Bering Sea and summering grounds in the Beaufort Sea (Moore and Reeves 1993). Much of
the early work on bowhead acoustics came from monitoring the fall and spring migration of the
BCB population along the northern coast of Alaska to inform subsistence hunting by the native
population (e.g. Ljungblad et al. 1982; Clark and Johnson 1984; Clark et al. 1986). These census
efforts were achieved through a combination of visual, acoustic, and aerial methods (George et al.
2004; Koski et al. 2010; George et al. 2012). Acoustic monitoring efforts were particularly
crucial for bowhead detection in early spring due to poor weather, heavy ice, and because some
whales migrated out of range of the visual observation perch (Clark and Ellison 2000; Zeh and
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Punt 2005). During most of the year bowhead whales produce simple calls that are used for
navigation, staying together during migration (George et al. 1989), and maintaining contact
between whales. In the early spring, however, bowhead whales sing complex songs (Cummings
and Holliday 1987; Ljungblad 1982; Würsig and Clark 1993). The detection of songs in early
spring, when bowheads are thought to breed, supports a connection between mating activities
and singing as documented in other baleen whales (Würsig and Clark 1993; Stafford et al. 2008).
Bowhead whales differ from other baleen whales in their particularly complicated and
diverse vocal range. Their vocalizations can be broken down into (1) percussive slaps, crunch
and gunshot sounds, (2) short random pulses at varying frequencies, and (3) longer, repeating
note patterns called songs (Würsig and Clark 1993). The first two types of vocalizations occur on
the order of 1-2s. Songs typically last about one minute but can be repeated over many hours. A
song is characterized by the repetition of one to three different phrases each comprised of one to
five distinct units (Stafford et al. 2008). The bowhead whales’ ability to sing both a high and low
frequency tone simultaneously contributes to the complexity of the song (Würsig and Clark 1993;
Tervo et al. 2011a). The estimated active space, or the maximum range that an acoustic signal
could be interpreted by a conspecific, of bowhead whale song is between 40 and 130 km, which
is an order of magnitude smaller than that of the lower frequency songs of fin or blue whales
(Tervo et al. 2012). Generally only one whale sings at a time, but Stafford et al. (2008) showed
that multiple whales could actually sing the same song at the same time.
In a study of the Spitsbergen bowhead population, Stafford et al. (2012) found that song
diversity of bowheads was so great that it more closely resembled that of songbirds than of other
baleen whales. Delarue et al. (2009) conducted an earlier analysis of the acoustic diversity in the
BCB population, which is much larger than the Spitsbergen population, but only detected 6
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unique songs compared to the 66 detected by Stafford et al. (2012). Delarue et al. (2009)
collected recordings from a region used by bowhead whales as a migratory corridor, not a
wintering area, and therefore the song diversity in this population may have been underestimated.
Discrepancies in the definition of a song may also have contributed to the large difference in
song diversity between populations.
One of the limitations of the study of the Spitsbergen population by Stafford et al. (2012),
and many studies using only passive acoustic monitoring, was their inability to connect song
diversity with individual whales. They were unable to determine if multiple whales sang the
same song, if individual whales sang more than one song, or if specific songs were exclusive to
certain individuals. This was because the heavy ice, poor weather, and lack of daylight in the
sampling area prevented the collection of visual data to complement the acoustic data.
The spring migratory route of the BCB population of bowhead whales along the northern
coast of Alaska offers an excellent opportunity to address the question of whether a single
individual sings a unique song or if multiple animals sing the same song because many
northbound animals are singing but move into and then out of the area fairly quickly. The main
goals of my study were to use data collected by the North Slope Borough Department of Wildlife
Management (NSB DWM) and Cornell University as part of the 2011 BCB bowhead whale
census to: 1) determine the extent of the overlap in song repertoire between individuals within a
population throughout a single season and to 2) quantify the total late-spring song diversity of
the BCB population observed during spring migration.
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Methods
Study site and data acquisition
Acoustic data were recorded during the 2011 bowhead whale survey conducted by the
NSB-DWM (George et al. 2004; George et al. 2012). The census took place near Point Barrow,
Alaska from April to June of 2011. Visual survey data were obtained from George et al. (2012).
The Cornell Lab of Ornithology oversaw the deployment of an acoustic array consisting of five
synchronized marine autonomous recording units (MARUs) placed along a transect parallel to
the edge of the land fast ice (Clark et al. 2010). Data from only one of the five MARU units, the
unit located nearest to the primary census observation perch, were analyzed for this study. This
unit was located less than 1 km from the edge of the land fast ice, which extended approximately
4 km from shore (Figure 1). Water depth was approximately 40 meters. These MARUs recorded
continuously from 1 to 1000 Hz (sample rate 2 kHz) from when they were deployed on 12 April
to when they were retrieved on 27 May 2011.
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Figure 1. Location of the hydrophone near Point Barrow, Alaska used to record bowhead whale
songs during the 2011 spring migration
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Data processing
The approximately 1200 hours of recordings were separated into five minute sections and
displayed as spectrograms (1024 point Fast Fourier Transform, 90% overlap, Hann Window)
using Raven Pro 1.4 software (Bioacoustics Research Program 2011) to identify the presence of
bowhead vocalizations. The data were visually paged through three times, supplemented with
listening to short segments, by the same individual to ensure that all songs were detected. A song
was characterized by the repetition of 1-3 different phrases each comprised of a conserved 1-5
unit sequence (Würsig and Clark 1993; Stafford et al. 2008). Only songs with distinct phrases
that were repeated three or more times and that had a high signal to noise ratio (SNR) were
selected for further analysis.
Once songs were identified, descriptive qualities such as duration, minimum and
maximum frequencies, and the number of units were measured for each as described by Delarue
et al. (2009). These characteristics, in combination with the arrangement of song phrases and
units, were used to categorize each song. Bouts were defined as multiple repetitions of the same
song. Two songs were considered the same if they shared their arrangement of repeating units
and phrases in agreement with Stafford et al. (2012). Individual songs were organized according
to their initial detection date and subsequent occurrence. The relationship between song duration
and number of whales observed was assessed using a Spearman’s rank correlation analysis.
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Results
Song detection and diversity
Bowhead song was recorded on 25 out of 32 days from the initial deployment date until
14 May 2011 when singing effectively ceased (Figure 2). There was no significant correlation
between song duration and number of whales counted (Spearman’s rank correlation, r = 0.20, p >
0.05). During that period 12 distinct song types were identified that agreed with the
aforementioned standards. The total number of different songs observed was greatest early in the
season. Bouts of songs 1, 4, and 8 occurred most frequently, with songs 4 and 8 present
throughout the majority of the migration. No song, with the exception of song 5, was repeated
after being absent from recordings for more than 5 days (Table 1). Songs 1, 2, 4, 8 and 10 made
up 86% of the total duration of recorded song. The percentage of songs occurring during the day
(0600-1800) and at night (1800-0600) was 51% and 49%, respectively. Songs 5, 7 and 10 were
only recorded during the day while songs 4, 6, 9 and 11 only occurred at night (Table 2).
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Figure 2. The number whales counted via visual survey and the song duration recorded during
the bowhead whale migration near Point Barrow, Alaska in the spring of 2011. Visual data were
provided by George et al. (2012). There was no significant correlation between song duration
and number of whales counted (Spearman’s rank correlation, r = 0.20, p > 0.05).
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Song description
Song 1
Song 1 was observed on four of the first five days of recording and not thereafter (Table
1). The first occurrence, which took place on 12 April 2011, was analyzed. It was composed of
sequences of two frequency-modulating (FM) units repeated over long bouts (Figure 3). Both
unit 1A and 1B lasted 8 – 9 s but had frequency ranges of about 380 – 905 Hz and 185 – 330 Hz,
respectively. The frequency band where each unit occurred was highly conserved within the
same and among different bouts. A typical song was comprised of 5-7 repetitions of each unit
pair and lasted between 30 s and 2 min (Table 3). The first three bouts of song 1, on 12, 14, and
15 April, were separated by more than 24 hrs. Singing stopped for five hours on the morning of
16 April before an almost continuous bout lasted for the rest of the day (Table 4).
Song 2
Song 2 was only observed from 2100 on 12 April 2011 until approximately 0900 the next
morning (Table 4). The song was composed of a single phrase containing five different units that
occurred in the same repeating pattern (Figure 3) that lasted 17 s on average. Unit 2A was a
pulsive shriek, with a large frequency range from 315 – 670 Hz, that initiated the phrase and was
subsequently repeated 2-5 times. Unit 2B was a very low frequency burst that only occurred once
every phrase. Both unit 2C and unit 2D were downsweeps, although unit 2C was heavily
inflected, longer, and had a starting frequency of around 250 Hz compared to 950 Hz for unit 2D.
Units 2A, 2C and 2D occurred together and were repeated 2-5 times until the completion of the
phrase. Unit 2E, a loud downsweep, signaled the end of the phrase. The frequency bands and
duration of each unit, as well as the phrase duration, were highly conserved from one song to
another (Table 3).
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Figure 3. Spectrograms (150 point Fast Fourier Transform, 90% overlap, Hann Window) of
bowhead whale songs 1 and 2 labeled with their associated units.
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Table 3. Mean frequency and duration parameters (with standard deviation) of 12
bowhead whale songs recorded near Point Barrow, Alaska in the spring of 2011.
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Song 3
Song 3 only occurred on 14 and 15 April 2011 (Table 1), but the two bouts were
separated by over 24 hrs (Table 4). The second bout was used for analysis. Song 3 contained a
single phrase that was defined as 2-5 repetitions of unit 3A followed by a loud, single statement
of unit 3B (Figure 4). Unit 3A was a single FM sweep with a frequency range of about 250 Hz.
Unit 3B was a loud downsweep that began at around 290 Hz and signaled the end of each phrase.
The duration of both units was highly conserved but the frequency range of unit 3A was much
more variable than that of unit 3B (Table 3).
Song 4
Song 4 was first recorded on 15 April 2011 and subsequently on six different occasions
throughout the rest of the season (Table 1). All bouts were separated by more than 24 hrs without
song (Table 4). The first bout of the season was used for analysis. It was composed of 3-6
repetitions of unit 4A and 4B followed by one expression of unit 4C. Unit 4A was a single FM
sweep that almost always occurred simultaneously or closely followed by unit 4B, which was a
low, pulsive tone (Figure 4). Both unit 4A and 4B were short, lasted less than one second on
average (Table 3). Unit 4C was a loud downsweep that occurred over a frequency range of more
than 400 Hz and signaled the end of each phrase. While the duration of the song was highly
variable, the duration and frequency of each unit were consistent throughout the recording (Table
3). Bouts of this song always lasted 2 hrs or less and were only made at during the night between
the hours of 2200 and 0500 (Table 2; Table 4).

21	
  
	
  

3

4

Figure 4. Spectrograms (150 point Fast Fourier Transform, 90% overlap, Hann Window) of
bowhead whale songs 3 and 4 labeled with their associated units.
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Song 5
Song 5 was documented on two separate occasions. The first recording, and the one used
for analysis, occurred on 15 April 2011 (Table 1). Each phrase of song 5 was composed of
approximately 3-6 repetitions of unit 5A and 5B (Figure 5). Unit 5A was a single FM tone with a
large downsweeping component that occurred from about 965 – 370 Hz. Unit 5B was a low,
pulsive tone that only lasted about 0.6 s and occurred during the downsweep portion of unit 5A.
The low frequency end of unit 5A overlapped with the high frequency end of unit 5B (Table 3;
Figure 5).
Song 6
Song 6, which only occurred once on 16 April 2011 (Table 1), was decidedly more
complex than other songs. It was comprised of three units that each occurred once per song
(Figure 5), and was only sung for less than 1 hr total (Table 2; Table 4). Unit 6A was a loud,
prolonged upsweep up to about 445 Hz with numerous inflections. Unit 6B consisted of a FM
tone that fluctuated irregularly over a range of nearly 325 Hz. It lasted anywhere from 10 s to
almost 30 s. Unit 6C, which was highly conserved between songs relative to the other two units,
was a very loud downsweep that signaled the end of each song (Table 3).
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Figure 5. Spectrograms (150 point Fast Fourier Transform, 90% overlap, Hann Window) of
bowhead whale songs 5 and 6 labeled with their associated units.
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Song 7
Like song 6, song 7 was only observed on 16 April 2011 (Table 1) and occurred for less
than 1 hr (Table 2; Table 4). It consisted of a single unit that was repeated in groups of three
(Figure 6). Unit 7A was a pulsive call at a relatively low frequency range of 100 – 320 Hz. The
frequency and duration of these units were highly conserved and each song lasted 67 s on
average (Table 3).
Song 8
Song 8 was the most commonly observed song during the sampling period. It was first
recorded on 18 April 2011 and was subsequently observed on seven more occasions (Table 1).
The first recording was analyzed. A bout that began on 21 April was continued into the next day.
Two bouts that occurred on 23 April were separated by approximately 8 hrs. One bout on 2 May
was separated from another bout on the following day by 8 hrs as well. All other bouts of song 8
were separated by more than 24 hrs (Table 4). Most instances of song 8 included five different
units, but the one with the highest SNR included a sixth (Figure 6). We were unable to determine
if this unit was strictly omitted in some cases or if it was simply undetectable. Units 8A, 8B and
8C were all 1 s long inflected upsweeps with maximum frequencies of 990 Hz, 860 Hz, and 690
Hz, respectively. Unit 8D was a loud, inflected downsweep that occurred from 555 – 290 Hz and
signaled the end of the phrase. Unit 8E was a low, pulsive tone from 105 – 315 Hz that cooccurred with each previously mentioned unit. Unit 8F was an indiscernible pulsive band of
noise that occurred in regular groups of three between repetitions of the first phrase. Each song
lasted approximately 76 s (Table 3).
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Figure 6. Spectrograms (150 point Fast Fourier Transform, 90% overlap, Hann Window) of
bowhead whale songs 7 and 8 labeled with their associated units.
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Song 9
Song 9 was only recorded on 19 April 2011 (Table 1) and lasted less than 1 hr (Table 2;
Table 4). It consisted of two different units that generally co-occurred (Figure 7). Unit 9A was a
single FM sweep that often began outside detectable frequency range and had a minimum
frequency of about 575 Hz. Unit 9B was a low, pulsive tone that usually occurred at the same
time as unit 9A but was occasionally omitted completely. This song was the longest recorded
with a duration of approximately 111 s, although song length was highly variable (Table 3).
Song 10
Song 10 occurred on three different days at the end of the sampling period (Table 1).
Each observation was separated by more than 24 hrs (Table 4). The first appearance of the song,
which was on 4 May 2011, was analyzed. Song 10 was made of two different downsweeping
units (Figure 7). Unit 10A, which was typically repeated four times per phrase, was a
downsweep that ended with an inflection around 390 Hz. Unit 10B was a downsweep with a
greater range that descended to about 315 Hz to conclude each phrase. Each unit was highly
conserved between songs despite variable song lengths (Table 3).
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Figure 7. Spectrograms (150 point Fast Fourier Transform, 90% overlap, Hann Window) of
bowhead whale songs 9 and 10 labeled with their associated units.
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Song 11
Song 11 was only observed on 11 May 2011 (Table 1) and occurred for less than 1 hr
(Table 2; Table 4). It was comprised of two different types of units that had very similar
construction but occurred at different frequency ranges (Figure 8). Both unit 11A and unit 11B
were single FM sweeps with some slight inflections. Unit 11A was divided into subunits 11A1
through 11A5 to account for a gradual trend in decreasing frequency during the phrase.
Minimum frequency descended stepwise from 385 Hz to 235 Hz from the first to the last subunit
of unit 11A. Unit 11B was repeated 3-5 times over a highly conserved frequency range after the
same number of repetitions of unit 11A. The entire song lasted approximately 50 s (Table 3).
Song 12
Song 12 was the last recorded song in the sampling period (Table 1). Three different
bouts were recorded. The two on 12 May were only separated by 3 hrs, and another 5 hrs passed
before the bout on 13 May (Table 4). The first bout was used in the analysis. Song 12 was made
up of four different units that occurred over frequency range of almost 800 Hz (Figure 8). Unit
12A was a short, loud upsweep between 845 and 975 Hz that occurred at even intervals
throughout each song. Unit 12B was a relatively constant tone with several inflections ranging
from 540 – 630 Hz. Unit 12C was a downsweep with a consistent maximum frequency but a
minimum frequency that deviated by over 100 Hz. Unit 12D was a loud downsweep with a lower
maximum frequency than unit 12C that punctuated the end of each phrase (Table 3).
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Figure 8. Spectrograms (150 point Fast Fourier Transform, 90% overlap, Hann Window) of
bowhead whale songs 11 and 12 labeled with their associated units.
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Song structure
With the exception of songs 2 and 3, which were comprised of a single repetition of a
single phrase, all the songs were on the order of 1 min in length. The average song length,
excluding songs 2 and 3, was 68.3 s and ranged from 41.2 s to 111.2 s total (Table 3). These
individual songs were repeated for up to almost 12 hrs, as was the case for song 1 (Table 4).
Song overlap, when two songs were sung at the same time, was only observed twice during the
season. Song 1 and 3 overlapped on 14 April and song 1 and 7 overlapped on 16 April (Figure 9).
Each song was made up of a distinct phrase with a highly conserved unit structure that was often
repeated several times during the course of a song. Songs 1, 7 and 9 ended much like they began,
but the termination of all other songs was announced with a loud downsweep. The types of units
observed (downsweeps, upsweeps, FM sweeps, and pulsive tones) occurred over different
frequency ranges and had varying inflections, but the general contours were conserved
throughout the sampling period.
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Figure 9. Spectrograms (150 point Fast Fourier Transform, 90% overlap, Hann Window) of
bowhead whale songs A) 1 and 3 overlapping, and B) 1 and 7 overlapping.
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Discussion
The acoustic repertoire of the BCB population is the best studied of any population of
bowhead whales, with the first studies occurring over 30 years ago (Ljungblad et al. 1980;
Ljungblad et al. 1982; Clark and Johnson 1984; Cummings and Holliday 1987; Delarue et al.
2009). We categorized 12 songs total, 6 of which were repeated on more than one occasion,
between 12 April and 14 May 2011 (Table 4). Our study describes the greatest number of songs
ever documented during the spring season for this population, but we acknowledge that a much
greater sampling effort is necessary to accurately describe the complete BCB song repertoire.
Our results also provide relevant information regarding shared song repertoire, song structure,
seasonal song variation, and offer the opportunity to compare bowhead songs seasonally and
geographically.
During our spring sampling period, bowhead whales travel almost exclusively north at
speeds of about 3.1 +/- 2.7 km/h (Braham et al. 1980; Zeh et al. 1993). Given that under quiet
acoustic conditions the detection limit of the recording devices is up to 20 km (Clark et al. 1996;
George et al. 2004), most migrating whales would only be detectable on the hydrophone
recordings for less than 24 hrs. Bowhead whales of the BCB stock are known to stop and mill
during migration (Richardson et al. 1990). Only on very rare occasions during the spring
migration of 2011 did visual census efforts document bowheads lingering for more than a day (H.
Johnson, personal observation). Assuming that individual animals were passing through, and not
re-entering, the study area, we can conservatively conclude that different animals produced the
songs that were separated by more than one day. Bouts separated by 5 – 8 hrs, as in songs 1, 8
and 12, cannot be confidently ascribed to different animals even though it is unlikely for a whale
to remain in the area long enough to sing two full bouts separated by such a long resting period
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(Table 4). Assuming a single whale did not switch songs within recording range, we estimate
that at least 30 different animals each sang one of the 12 different songs. This indicates that there
is significant overlap in the song repertoire of individuals.
Despite obvious variations in unit order and structure between songs, only four main
types of units were used to construct all the songs observed. The units identified in this study
agree with the lexicon of calls described by Würsig and Clark (1993) who based their
conclusions from recordings taken from the BCB population in the early 1980’s. The one-minute
song length and song termination with a loud downsweep also agreed with past observations
(Table 3; Figures 3-8; Würsig et al. 1993; Stafford et al. 2008). In addition, the songs recorded
here provide further evidence for the bowhead’s ability to increase song complexity by
simultaneously producing two different frequencies (Würsig and Clark 1993; Tervo et al. 2011a).
The songs described here are unique from those previously identified in the BCB
population (Würsig and Clark 1993; Delarue et al. 2009), the Eastern Canada-Western
Greenland (EC-WG) population (Stafford et al. 2008; Tervo et al. 2011b), and the Spitsbergen
population (Stafford et al. 2012). Würsig and Clark (1993) documented only a single song each
year that was presumably sung unanimously throughout the population. Their songs from the
spring migration during 1980, 1985, 1986, and 1988 have a similar unit vocabulary but different
structure than those that we observed.
Delarue et al. (2009) characterized 6 songs in total in the BCB population in 2008, but
only documented one during the spring migration. All were different from those described in our
study. As singing is expected to relate to mating or courtship behavior (Stafford et al. 2008), and
peak sexual behavior is usually noted in late winter and early spring (Carrol 1980; Koski et al.
1993), the lack of bowhead song during the spring reported by Delarue et al. (2009) is
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unexpected, particularly when compared to recent documentation of the unprecedented repertoire
of the Spitsbergen bowhead whale population (Stafford et al. 2012). While the BCB population
might have a smaller song repertoire than that of the Spitsbergen population, the use of a
recording unit with a limited duty cycle, as well as the use of an automated batch detector to
locate vocalizations within the recordings, might have contributed to the paucity of songs
reported by Delarue et al. (2009). There is also significant inter-annual variation in BCB acoustic
presence, which is correlated with environmental conditions (Würsig and Clark, 1993), which
could explain some of the discrepancies in numbers of songs observed in 2008 versus 2011.
Most likely, however, is that the areas monitored by Delarue et al. (2009) and by our study do
not encompass the winter range of BCB whales and are therefore only recording “shoulder
season” singing. A more detailed study of acoustic data from wintering regions, for instance near
St Lawrence Island (e.g. Citta et al. 2012), may show that the annual song repertoire of the BCB
population is even more diverse than reported here.
Recordings from hydrophones in the Beaufort Sea during 2011, which were unavailable
for inclusion in this thesis, contained examples of songs 1, 2, 5, 8, 10 and 12. These hydrophones
sampled up to 4 KHz and revealed several additional units above 1 KHz that the hydrophone
used in our study was not able to detect (K. Stafford, personal communication). These data need
to be explored more thoroughly, but they suggest that at least some of the repertoire is conserved
regionally throughout the season and highlight the need to use recording devices with higher
sampling rates.
Stafford et al. (2008) recorded three distinct songs from the EC-WG population of
bowhead whales over just a seven-day recording period in early April 2007. Tervo et al. (2011b)
only documented, but did not describe, four separate songs over three years from 2006 to 2008.
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They did, however, agree with Würsig and Clark (1993) in that the songs observed in each year
were completely distinct from those in the preceding years. One large reason for the disparity in
numbers of songs is that the total recording time for Tervo et al. (2011b) was slightly less than
21 hrs, while Stafford et al. (2008) recorded for 59 hrs. This is compared to the 2145 hrs
collected by Stafford et al. (2012) when they identified 66 discrete song types in the Spitsbergen
population. Another difference in methodology was that Tervo et al. (2011b) identified and
analyzed specific song note types as opposed to analyzing complete songs, which made direct
comparison with other studies difficult. Clearly a failure to standardize song analysis methods,
coupled with variable sampling effort, timing and location, has made comparing song repertoires
difficult.
Previous studies have shown mixed results in the daily patterns of bowhead acoustic
behavior. Cummings and Holliday (1987) reported a diurnal distribution of bowhead calls that
was independent of whale abundance. Subsequent studies have investigated the bowhead calling
patterns without finding significant results (Moore et al. 1989; Blackwell et al. 2007), but other
mysticetes show strong diel periods of acoustic activity that correspond to prey abundance
(Stafford et al. 2005). The few studies describing bowhead whale song have not commented on
daily patterning. Even though we recorded several songs that only occurred during the day or at
night, the overall proportion of singing was the same for both time periods (Table 2). These
results are only qualitative but they suggest that singing occurs throughout the day while song
types may be specific to a certain time period.
We observed remarkably little overlap of songs despite the presence of hundreds of
whales passing by Point Barrow on a given day during the spring migration of 2011 (Figure 2;
Figure 9; George et al. 2012). Cummings and Holliday (1987) reported similar results in which
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numerous whales were passing by the recorders but only one would sing at a given time. This
indicates a social organization to singing in which whales may actively avoid intraspecific
acoustic competition in a similar manner to songbirds (e.g. Wasserman 1977). Furthermore, the
number of whales present did not always reflect the amount of singing. For example, no songs
were recorded on 29 April, when George et al. (2012) visually documented a season high of 423
whales seen swimming north in the vicinity of the recorder used in this study (Figure 2). The
different ranges and varying susceptibility to environmental factors of hydrophone and visual
observations prevent us from drawing further conclusions. On several days during the season,
such as 15 and 16 April, we observed multiple, distinct songs occurring on the same day (Table
4). Although it only occurred twice (Figure 9), the overlap of two different songs suggests that
different individuals were singing them. This refutes the common mysticete trend that, despite
intra-annual variations in a song, a group of whales all sing the same song.
The distribution of repeated songs throughout the season did not appear random. Even the
most commonly recorded songs did not appear throughout the entire recording period. For
instance, song 8 was present from 18 April to 8 May, but there was never more than a four-day
stretch in which it did not occur. With the exception of song 5, we did not observe any song
again after it was absent from recordings for more than four days (Table 4). This would suggest
that there is a distinct seasonal progression of song types sung over time. Delarue et al. (2009)
also noted clustering of specific song types and attributed them to either the evolution of new
songs, as seen in humpback whales (Noad et al. 2000), or song sharing in a “pulse” of migrating
whales. The evolution of new song is likely not occurring here in the same way it does in
humpback whales as our data reveal a rapid transition from one song to another on the order of
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hours or days versus the song evolution that Noad et al. (2000) documented over the course of
slightly less than two years.
Song variation in other mysticetes has been attributed to geographically distinct
populations (Payne and Guinee 1983 for humpback whales; Stafford et al. 2001 for blue whales).
Krebs et al. (1980) suggest that similar microgeographical variation in bird song reflects genetic
sub-groups within a population. Genetic analyses of the BCB population have yielded complex
results that indicate a certain degree of genetic heterogeneity within the population. These studies
have lacked the sampling size necessary to draw conclusions about genetic sub-groups, but they
do not rule them out (Givens et al. 2007; Jorde et al. 2007).
Another likely scenario is that different demographic groups migrate at different times
and each brings with them a unique acoustic repertoire. Würsig and Clark (1993) observed that
groups of smaller whales, which likely have a higher proportion of males (Koski et al. 1993),
pass Point Barrow early in the migration between mid-April and mid-May. George et al. (2004)
report that the vast majority of mother-calf pairs consistently arrive at the end of the migration
between mid-May and mid-June. If both groups, and potentially others in between, sing it is
likely that their ecological reasons for doing so are different, and therefore their songs may differ
as well. Based on observations of other mysticetes, it is even more likely that the early season
males sing while mother-calf pairs do not. This might help explain the slight decline in acoustic
activity as the season progressed, independent of the number of migrating whales.
The ubiquitous presence of bearded seal (Erignathus barbatus) vocalizations in the later
weeks of the sampling period, which corresponds to their mating season (Cleator et al. 1989;
Van Parijs et al. 2001; Van Parijs and Clark 2006), may contribute to song decline by posing
significant acoustic competition for migrating whales. Bearded seal vocalizations are extremely
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loud and occupy a similar range of frequencies as bowhead songs. Such competition has been
described for several species of birds (e.g. Bremond 1978), but never in mysticetes. The seal
vocalizations also inhibit the identification of whale calls and make their analysis more difficult
and prone to error by human analysts. Other vocalizing marine mammal species in the area
included walrus (Odobenus rosmarus), beluga whales (Delphinapterus leucas) and grey whales
(Eschrichtius robustus). Belugas were only observed sporadically and walrus and grey whales
were not documented acoustically or visually. All three have distinct vocal behavior that is easily
distinguishable from that of bowhead whales.
A challenge in the study of bowhead acoustics is inferring the function of song as it
relates to bowhead seasonal cycles and ecology. Explanations for why bowheads sing are almost
entirely based on evidence from related organisms. Presumably bowhead songs have a role in
reproduction (Würsig and Clark 1993; Stafford et al. 2008) as has been suggested for singing in
other whale species and in many terrestrial animals, particularly birds (e.g. Searcy and
Andersson 1986). The gestation of the bowhead whale lasts approximately 13 months and peak
calving occurs in March or early April in the BCB population (Nerini et al. 1984; Koski et al.
1993; Reese et al. 2001). Other observational studies have confirmed prevalent social and mating
behavior during this period (e.g. Carroll 1980). As a result, the singing we observed supports the
hypothesis that bowhead song serves primarily as a reproductive display.
The question remains for as to why Delarue et al. (2009) observed more frequent singing
during the fall when mating behavior is thought to subside. They proposed that they observed
fewer songs in the spring because their recording array was located 50 nautical miles offshore,
on the margins of the typical spring migration corridor (Moore and Reeves 1993). Their reports
of song in the Chukchi Sea between October and January suggest that either reproductive

39	
  
	
  

behavior occurs outside the typical mating season or that bowhead whales sing for other reasons.
During this period of time the BCB population is in the process of spreading out, presumably in
search of food, and eventually make their way south and west back into the Bering Sea
(Quakenbush et al., 2010).
Acoustic studies of blue whales (Moore et al. 2002), fin whales (Croll et al. 2002), and
humpback whales (Mattila et al. 1987; Clark and Clapham, 2004; Stimpert et al 2012), have
documented high levels of singing activity during feeding. This has less significance for blue and
fin whales, which have little fidelity to a specific mating area or season, but these feeding
humpbacks were singing beyond the well-documented margins of their mating area (Clapham
1996). Despite occurring on feeding grounds, this singing is still thought to play a role in
reproduction by strengthening bonds between breeding pairs prior to mating (Clapham 1996) or
by bringing females that were not impregnated during normal breeding season into estrous
(Clark and Clapham 2004). Evidence for these hypotheses are scarce in humpback whales and
nearly nonexistent for bowheads (Koski et al. 1993), but they provide a mechanism to explain
why bowhead song could have a reproductive function and still be observed outside of the
mating season.
Our results suggest that there is more acoustic diversity in the BCB population than
previously documented, but we have likely underestimated the entire repertoire of the population.
Many additional songs were present in the recordings but were not included in the analysis
because of insufficient repetition or a low SNR. George et al. (2004) report that whales typically
begin moving passed Point Barrow in mid-April, but there is significant variation in monitoring
effort and environmental conditions each year. The possibility exists that we did not document
the singing of a small but substantial portion of the population that may have already migrated
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passed Point Barrow before our hydrophone was deployed. Our study also likely underestimated
song duration because singing whales would often enter or leave the recording range of the
hydrophone in the middle of a bout. Given these considerations our conclusions are conservative
but confident.
It is tempting to attribute this apparent increase in acoustic diversity to successful
management efforts and growth of the BCB population (George et al. 2004), but it is difficult to
compare the current BCB repertoire with previous studies or with those of other populations
because of differences in recording effort, duration, and time of year. Well-directed further study
could illicit much more information on bowhead song as it relates to their ecology. Studies of
repertoire should be extended over multiple seasons in the same location to attempt to rule out
many of the variables associated with methodology. The inclusion of more locations, particularly
the over-wintering grounds in the Bering Sea, will shed light on the presence and evolution of
song throughout the entire year. Playback experiments, such as those conducted by Clark and
Clark (1980) on southern right whales, could reveal some of the behavioral function of different
call types and songs. Employing the use of Digital Acoustic Recording Tags (DTAGs; Johnson
and Tyack, 2003), which have been used successfully on other species (e.g. Tyack and Johnson
2006), could directly relate movement to acoustic behavior and provide more information about
an individual whale’s repertoire over short periods of time. Biopsy sampling singing whales
could also solve the unknown sexual identity of singers, who until now are typically assumed to
be solely male based on data collected from other singing mysticetes, birds and other mammals.
With future work we may better understand why bowhead whale singing behavior is so rich and
variable, particularly when compared to other baleen whales.
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